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Synopsis

The skin on the lower legs of 25 female subjects was evaluated fi rst in the winter, and then again in the 
summer of the same subjects. Barrier function was determined by measuring transepidermal water loss 
(TEWL), and skin hydration and dryness were evaluated by electrical measurements (Corneometer® CM825) 
and visual grading. Stratum corneum (SC) was sampled using 10 sequential D-Squame sampling discs and 
analyzed for 2-pyrrolidone-5-carboxylic acid (PCA), keratin-1,10,11, interleukin 1α (IL-1α), interleukin 1 
receptor antagonist (IL-1ra), selected ceramides, cholesterol, cholesterol sulfate, and selected free fatty acids. 
TEWL as well as the visual dryness grades were signifi cantly lower in the summer while hydration was 
higher. PCA was signifi cantly higher in the summer as were the keratins. The ratio IL-1ra:IL-1α, an indicator 
of skin infl ammation, was signifi cantly lower in the summer. The amount of protein removed by the tape 
strips was also signifi cantly lower in summer indicating better SC cohesion. Among the SC lipids measured, 
total ceramides, individual ceramides, total fatty acids, and cholesterol were higher in summer compared to 
winter. Stearic acid and cholesterol sulfate were not signifi cantly different between winter and summer.

INTRODUCTION

It is well known that dry skin develops more readily in the winter than in the summer. 
In addition, skin is more responsive to irritants, such as surfactants in cleansing products, 
during winter as shown in studies involving exaggerated use of washing products (1–3) 
and on workers who repeatedly use cleansers in their occupations (4–6).

Address all correspondence to Randy Wickett at wickterr@ucmail.uc.edu.
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Previous studies have investigated seasonal differences in biophysical properties of the 
skin in different populations. Hydration measured by electrical methods has been found 
to be consistently higher in summer (7–13) but transepidermal water loss (TEWL) 
differences have not been as consistent. Black et al. (8) reported higher TEWL in summer 
on the forearm, calf and crows-foot areas whereas Kikuchi et al. (10) reported lower TEWL 
in summer on the forearms and cheeks of both pre- and postmenopausal Japanese women. 
Seasonal differences were more marked on the face. Wan et al. reported higher TEWL on 
the foreheads of Chinese women in autumn and winter compared to spring and summer 
(7). Muizzuddin et al. reported lower TEWL on the cheek in summer versus winter in 
subjects living in arid (Arizona) and humid (New York) climates (11).

Egawa and Tagami used in vivo confocal Raman spectroscopy to investigate seasonal 
differences in stratum corneum (SC) components with Japanese subjects (9). Natural 
moisturizing factor (NMF) components, defi ned as free amino acids and 2-pyrrolidone-5-
carboxylic acid (PCA), were not higher in summer compared to other seasons. Urea and 
lactate were found to be higher in summer, and trans-urocanic acid (t-UA) was found to 
be lower in summer. Using a tape stripping method on the forearms of Japanese males, 
Nakagawa et al. also found higher values of urea and lactate in the SC in the summer than 
in the winter (14).

Seasonal changes in SC structural lipids that may contribute to the difference in summer 
and winter skin condition have been reported in the literature. Increased levels of cerami-
des and cholesterol have been reported in summer (9,15,16). Ishikawa et al. reported 
changes in the ceramide profi les in summer compared to winter, and further that capaci-
tance was directly proportional and TEWL inversely proportional to total ceramide level 
(17). Capacitance was higher in summer on all body sites, but TEWL differences varied 
with body site.

Recently, cytokines such as interleukin 1-α (IL-1α) and interleukin 1 receptor antagonist 
(IL-1ra) and structural proteins (involucrin and keratin-1,10,11) have been studied as 
biomarkers of skin health (18–22). The ratio of IL-1ra:IL-1α has been found to increase in 
skin treated with sodium lauryl sulfate (18,19), and the structural proteins keratin-1,10,11 
were reported to be lower in the irritated skin of health-care workers (22). Involucrin was 
found to be lower and keratin-1,10,11 to be higher in adults’ skin compared with infants’ 
skin (21). Effective treatment decreased the IL-1ra:IL-α ratio and increased keratin-1,10,11 
on the scalp of dandruff sufferers (20). To our knowledge, seasonal differences in these 
biomarkers have not yet been reported in the literature.

The goal of the present study was to evaluate the effect of season on skin health by skin 
grading, biophysical measurement, and noninvasive sampling for NMF components, bio-
markers, and SC lipids. Female subjects were given a mild synthetic detergent bar to use for 
a one-week prewash during the winter. Subjects who developed at least moderately dry skin 
on the lower legs were selected for evaluation. The same subjects returned for evaluation 
during the following summer. After the same prewash procedure, the subjects underwent 
the same evaluations as in the winter study. Biophysical properties measured were TEWL 
and hydration (Corneometer). Visual grading was performed to evaluate skin dryness and 
redness. SC was sampled using 10 sequential D-Squame sampling discs (CUDERM, Dallas, 
TX) to analyze for SC cohesiveness, NMF components, biomarkers (IL-1ra:IL-α, involucrin, 
keratin-1,10,11), and SC lipids. The study protocol allowed for direct paired comparison of 
the same subjects in summer and winter for all properties measured.
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MATERIALS AND METHODS

SUBJECTS

Healthy female subjects between 18 and 65 years of age with Fitzpatrick skin types 
II–IV (23) were given a mild synthetic cleansing bar to use at home daily on the lower 
legs for a 7-day prewash during the winter season in Cincinnati, OH. The study was 
approved by an institutional review board, and informed consent was obtained from all 
subjects.

At the end of the prewash, skin dryness and erythema on the legs were graded by an ex-
pert grader using previously published 0–6 scales (24). Subjects with a dry skin grade of 
at least 2.0 were selected for the study. Demographics of the 25 subjects selected for the 
study are presented in Table I below.

BIOPHYSICAL MEASUREMENTS AND SC SAMPLING

Measurements of skin hydration were obtained using a Corneometer® CM 825 (Courage + 
Khazaka, Cologne, Germany), and TEWL was measured using a Dermalab® Evaporime-
ter (Cortex Technologies, Hadslund, Denmark). Biophysical measurements were made 
after at least 30 min of equilibration in a controlled environment room with temperature 
(70° ± 2°F) and relative humidity 30–45%. SC from the outer aspect of the lower legs 
was sampled using 10 successive D-Squame Standard Sampling Discs (D100; CuDerm 
Corporation, Dallas, TX). Each sampling disc was pressed down onto the site using the 
D-Squame Pressure Instrument (D500; CuDerm Corporation) for 5 s, then removed from 
the skin and placed into 12-well collection plates. The discs were analyzed for total pro-
tein, PCA, IL-1α, IL-1ra, keratin-1,10,11, and lipids, including selected ceramides, se-
lected fatty acids, cholesterol, and cholesterol sulfate. Two sites on each leg were sampled, 
and data were averaged at each tape strip for each subject.

The same 25 panelists returned in the summer, and same female subjects, after going 
through a 7-day prewash, were assessed by visual grading, biophysical measurements, 
and biomarker analysis exactly as mentioned above. The average outdoor temperature 
during the winter study was 4.4°C. The average temperature during the summer study 
was 21.8°C.

Table I
Subject Demographics

Number 25

Age (years) 47.6 ± 10
Age range 23–64
Fitzpatrick skin type Number
 II 3
 III 18
 IV 4
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D-SQUAME ANALYSIS SCHEME

The protein content of all D-Squame sampling discs was analyzed nondestructively by 
measuring the optical absorption with a SquameScan™ 850A infrared densitometer 
(Heiland Electronic, Wetzlar, Germany). The device measures optical absorption at 850 
nm, which is linearly related to protein content of the D-Squame sample (25). SC cyto-
kines (IL-1α and IL-1ra) were measured using tape 2, and NMF components were mea-
sured using tape 3 and tape 10. Structural proteins (involucrin, keratin-1,10,11) were 
measured on tape 4, and SC lipids were measured using tapes 6 and 7 pooled together for 
better sensitivity. Measurements for cytokines, NMF, and structural proteins were nor-
malized to protein measured by the Pierce® BCA protein assay (Thermo Scientifi c, Rockford, 
IL) and lipids were normalized to SquameScan™ values.

Analysis of NMFs from D-Squame discs. NMF samples (L-citrulline, glycine, L-ornithine, L-pro-
line, 2-pyrrolidone-5-carboxylic acid, L-serine, t-UA, and L-histidine) collected on D-Squame 
discs were prepared for analysis by placing the discs into 2-ml polypropylene tubes with the 
glue side facing inward. A 25-μl aliquot of an internal standard solution (L-citrulline-D7; 
glycine-D2,15N; histidine-D3; L-ornithine-D6; L-proline-D3; 2-pyrrolidone-5-carboxylic-D5 
acid; L-serine-D3; cis-urocanic-13C3 acid) was added to each tube followed by 1.0 ml of water 
containing 0.1% formic acid and 0.1% heptafl uorobutyric acid. The tubes were capped, vor-
texed for 10 s and then placed on a sonicator for 10 min. An aliquot of the extraction solution 
was removed for analysis by gradient reverse-phase high-performance liquid chromatographic 
analysis on a Waters Atlantis T3 (Milford, MA) column (2.1 x 50 mm, 3-μm particles). De-
tection and quantitation was performed using tandem mass spectrometry (MS/MS; Sciex AB-
5000) operating under multiple reaction monitoring conditions for each analyte and the 
corresponding internal standard. Calibration standards prepared in 1.0 ml of water containing 
0.1% formic acid and 0.1% heptafl uorobutyric acid were used to generate regression curves 
for each NMF by plotting the peak area ratio for a given NMF standard (peak area NMF/peak 
area for internal standard) versus the standard concentration. The concentration of a given 
NMF in the study samples was determined from its corresponding peak area ratio by interpo-
lation from the regression curve. The nominal range of quantitation is 20–20,000 ng/ml 
(20–20,000 ng/tape strip) for each NMF. The concentration of each NMF determined in the 
acid extract was converted into mass NMF/strip by multiplying by the extraction volume. 
The calculated mass of each NMF was then normalized by the protein amount in the acid 
extract determined by BCA assay using bovine serum albumin (BSA) as a standard.

Analysis of IL-1α and IL-1ra from D-Squame discs. Human infl ammatory cytokines were 
analyzed to evaluate skin irritation and infl ammatory processes. D-Squame discs collected 
from subjects were extracted with phosphate-buffered saline (PBS) containing an addi-
tional 0.25 M NaCl and a commercially available protease inhibitor cocktail containing a 
mixture of protease inhibitors with broad-spectrum inhibitory specifi city (Roche Applied 
Science, Inc., Indianapolis, IN) for 30 min with sonication on ice. The extracts were then 
centrifuged for 5 min at 2100 × g to remove skin solids that might interfere in the assay. 
Aliquots of these extracts were then analyzed for soluble protein using the BCA Protein 
Assay Kit and BSA as a reference standard. After protein analysis, extracts were supple-
mented with 2% BSA, transferred into 96-well polypropylene deep-well plates and fro-
zen at -80°C for cytokine analysis. Multiple human cytokines (IL-1α and IL-1ra) were 
simultaneously quantitated using a Milliplex Human Cytokine Multiplex Immunoassay 
Kit (Millipore Corp., Billerica, MA).
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Analysis of skin proteins from D-Squame discs. D-Squame discs were extracted with PBS 
containing 0.2% sodium dodecyl sulfate and 0.5% propylene glycol for 30 min with 
sonication on ice. The extracts were then centrifuged for 5 min at 2100 × g to remove 
skin solids that might interfere in the assay. Subsequently, the extracts of D-Squame discs 
were transferred into 96-well polypropylene deep-well plates and frozen at -80°C for skin 
multiple analyte profi le (SkinMAP) and soluble protein analyses. Human skin proteins 
(keratin-1,10, involucrin, human serum albumin) were simultaneously quantifi ed using 
a 3-plex Human Skin Panel Multiplex Immunoassay Kit (Millipore Corp.). The antibody 
for human involucrin recognizes non-cross-linked involucrin protein, but may have reac-
tivity with involucrin within the cornifi ed envelope. Soluble protein was measured using 
BCA Protein Assay Kit.

Analysis of skin lipids from D-Squame discs. An array of skin lipids (cholesterol, cholesterol 
sulfate, selected fatty acids, and selected ceramides—see Table III for ceramide nomencla-
ture) was determined from extracts of D-Squame discs containing samples from human 
skin using gradient supercritical fl uid chromatography (SFC) with MS/MS with detection 
in the positive and negative ionization modes depending on the analyte using atmo-
spheric pressure chemical ionization (APCI). The tape strips were fi rst analyzed via a 
SquameScan™ 850A infrared densitometer to determine the amount of removed skin for 
normalization of the measured lipids. Two tape strips from each subject were transferred 
to 20-ml glass vials, spiked with an internal standard mixture [D6-cholesterol, D7-cho-
lesterol sulfate, D47-tetradecanoic acid, D3-heptadecanoic acid, D7-sphinanine, and D31-
N-palmitoyl-1-D-erythro-sphingosine (D31-Ceramide)] and extracted using 3 ml of 
methanol followed by sonication at ambient temperature. The vials were centrifuged, and 
the methanol layer removed and placed in separate glass vial. The tape strips were then 
extracted with 3 ml of hexane followed by sonication for 15 min at ambient temperature, 
and the hexane layer was separated. The hexane and methanol layers for each set of tapes 
were then combined, dried under nitrogen at 50°C, and fi nally reconstituted in 
chloroform:MeOH (3:1; v/v). Standards [myristic acid, palmitic acid, palmitoleic acid, 
octadecanoic acid, oleic acid, linoleic acid, docosanoic acid, tetracosanoic acid, choles-
terol, cholesterol sulfate, N(24_0)P(18), N(24_0)DS(18), A(16_0)S(18), A(24_0)P(18), 
ceramide EOS-C30, S(18)] were prepared in chloroform:MeOH (3:1) over a range of ap-
propriate concentrations. The standards, spiked with internal standard, and the reconsti-
tuted samples were analyzed by gradient SFC with MS/MS detection using APCI. The 
fatty acids were monitored in the negative ion mode while selected ceramides, sphingoid 
bases, cholesterol, and cholesterol sulfate were monitored in the positive ion mode. The 
peak area ratio (standard peak area/internal standard peak area) for each standard level 
were used to construct a linear regression curve for each of the standard analytes. For ana-
lytes, where the standard was available (fatty acids, cholesterol, cholesterol sulfate, sphin-
goid bases), the actual standard was used, whereas for the ceramides the surrogate ceramide 
for the particular class was used. The lipid mass found for each analyte was divided by the 
SquameScan values for the corresponding tapes.

STATISTICAL METHODS: SKINMAP, NMF, CYTOKINES, AND LIPIDS

For each of the four sites within a subject, the SkinMAP (tape 4), NMF (tapes 3 and 10), 
cytokines (tape 2), and lipids (tape 6 and 7 pooled) measures were normalized to their 
associated protein measures (BCA for SkinMAP, NMF, and cytokines and SquameScan™ 
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for lipids) for each study and log to the base 10 was taken. For values below quantifi able 
limits (BQLs), half the detection limit was substituted. Following normalization and 
log transformation, the SkinMAP, NMF, and cytokine data were averaged across all 
four sites for each subject. Thus, each subject has a summer and a winter measure. 
These data were then modeled with a mixed model analysis of covariance (ANCOVA) 
with fi xed effect for time of year (group) and random effect for subject. All statistical 
tests comparing the two groups (winter vs. summer) were two sided using 
α = 0.05 signifi cance level.

The least squares (adjusted for model) mean (on the log scale), the original mean (before 
log transformation), p value testing for signifi cant difference in each group mean from 
zero, standard errors, and p values for testing between group differences were calculated 
and reported. BQLs are reported and fl agged for greater than 30%.

STATISTICAL METHODS: BIOPHYSICAL MEASURES AND VISUAL GRADES

The Corneometer, TEWL, Expert Dryness, and Expert Redness data were each averaged 
across all four sites within the marked skin area for each subject. Thus, each subject has 
a summer and a winter measure. These data were then modeled with a mixed model 
ANCOVA with fi xed effect for time of year (group) and random effect for subject. All 
statistical tests comparing the two groups (winter vs. summer) were two sided using 
α = 0.05 signifi cance level.

RESULTS AND DISCUSSION

BIOPHYSICAL MEASURES

Electrical measurements for the evaluation of SC hydration are well established, and sev-
eral instruments are available (26–28) including the Corneometer (29) which has been 
shown to give reading correlated to dry skin grades (30). The most common way to assess 
skin barrier function is through the measurement of TEWL (31–35).

Corneometer and TEWL results in summer and winter are shown in Figure 1A and B.

Corneometer readings were higher in summer (Figure 1A), indicating a higher level 
of skin hydration in agreement with the literature (7–13). TEWL was lower in sum-
mer compared to winter in agreement with the results reported by Muizzuddin et al. 
(11), Kikuchi et al. (10), and Wan et al. (7), but in contrast with those reported by 
Black et al. (8) who found higher TEWL values on the legs and forearms in July com-
pared to February and December. Ishikawa et al. reported lower TEWL on the cheeks 
in summer compared to winter and lower TEWL on the buttocks in spring. On the 
palm, TEWL values were higher in autumn than in spring, but there were no differ-
ence on other body sites investigated including legs (17). In the present study, sub-
jects with at least moderately dry skin on the legs after the wash-out period in winter 
were selected. This may have increased the difference in barrier function seen be-
tween winter and summer and led to the highly signifi cant reduction in TEWL in 
summer seen in Figure 1B.
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VISUAL GRADES

Visual grades for dryness and erythema are shown in Figure 2. Dryness grades were sig-
nifi cantly higher in winter, but erythema grades were not signifi cantly different between 
the two seasons.

Figure 1. (A) Corneometer and (B) TEWL summer and winter studies. The corneometer readings were 
signifi cantly higher and TEWL signifi cantly lower in summer compared to winter.

Figure 2. Expert visual grades for dryness and erythema. Dryness grades were signifi cantly higher in winter 
( p < 0.001). There was no signifi cant difference in erythema grades (n.s.).
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The observation that dry skin grades were signifi cantly lower in summer was expected. 
The observation that erythema grades were not signifi cantly different between seasons is in 
agreement with the results reported by Visscher et al. who compared dry skin grades on the 
hands of health-care workers in winter and late spring and found signifi cantly higher dryness 
grades in the winter with no signifi cant difference in erythema grades between seasons (6).

SC COHESION

In addition to being a convenient way to sample the SC for analysis, tape stripping can be 
used to assess the cohesiveness of the SC. Each strip removes less protein from SC that is 
more cohesive. An advantage of the SquameScan™ system is that it accurately measures 
SC removed nondestructively (25,36,37), and the tapes can still be used for further anal-
ysis. Figure 3 shows protein removed by each tape strip in winter and summer. Each tape 
removed signifi cantly more SC in winter compared to summer (p < 0.001 for each strip 
level). The difference was especially marked for the fi rst fi ve tape strips.

Total protein in strip 4 measured by BCA protein analysis in addition to SquameScan™ 
is shown in Figure 4.

Signifi cantly, more protein was seen on the winter tape 4 strips and the winter/summer 
ratio for tape 4 was 1.9 by BCA protein analysis and 2.0 by SquameScan™ (Figure 3).

The fi nding of reduced SC cohesion in winter dry skin is consistent with the results of Lu 
et al. (38) who reported results comparing “cosmetic dry skin” to normal skin on the legs 
analyzed by tape stripping with D-Squame discs. More protein was removed by each of 
the fi rst 10 strips of dry skin with the differences being largest in the fi rst strips. In order 
for SC to desquamate properly, the desmosomes (corneodesmosomes) that bind individual 
corneocytes together must break down, and this process has been shown to be impeded in 
winter dry skin (2,39). It is probable that each tape strip removes more SC, especially 
from the less compact outer layers of the SC (40,41), which may be more prominent in 
dry skin because the desmosomes are not completely broken down in the outer layers of 
dry skin (2,39,42).

Figure 3. SC cohesiveness was evaluated by measuring protein removed by each of the 10 sequential tape 
strips nondestructively using the SquameScan™ 850A infrared densitometer. Signifi cantly ( p < 0.0001) more 
protein was removed by each strip in winter compared to summer.
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The higher sensitivity of skin to irritants in winter may also be at least partly related to 
SC cohesiveness. Tumor necrosis factor-α (TNF-α) gene polymorphism makes skin more 
susceptible to surfactant (19,43) and sensory irritation (44). Davis et al. (45) reported that 
D-Squame tape stripping removed signifi cantly more SC from subjects with this poly-
morphism indicating that they had reduced SC cohesion compared to subject without 
TNF-α polymorphism.

NMF COMPONENTS

The NMFs of the SC are primarily free amino acids derived from the breakdown of fi lag-
grin (46–49) though lactate may also play a role in keeping the SC hydrated (14). NMF 
in SC has been investigated by several different workers in various contexts, including 
body site variations (9,50), effects of age (51), dry skin (51,52), treatments such as soak-
ing and lipid extraction (53,54), and barrier perturbation and repair (55).

One of the most important NMF components is the very hygroscopic compound PCA 
formed by the nonenzymatic cyclization of free glutamine produced during fi laggrin 
hydrolysis (56). PCA is reduced in the lesioned skin of patients with atopic dermatitis 
(AD), along with reduced skin hydration (57), and in the skin of the elderly (42). Feng 
et al. reported that PCA levels are reduced in the SC of subjects with “cosmetic dry skin” 
compared to normal subjects, and PCA levels have been reported to be higher in subjects 
with lower visual grades for dry skin (52).

Tapes 3 and 10 were analyzed for the NMF components (free amino acids, t-UA, and 
PCA) that arise primarily from the breakdown of fi laggrin (46,48,49). Figure 5A shows 
PCA levels normalized to protein in tapes 3 and 10 in summer and winter. The difference 
between strips was not signifi cant but the difference between summer and winter was 
highly signifi cant at both strips 3 and 10. Other amino acids in strip 10 are shown in 
Figure 5B. There were small but statistically signifi cant increases in glycine, proline, 
serine, and the sum of amino acids in summer compared to winter, and t-UA and histi-
dine were lower in summer compared to winter.

The lower level of t-UA in summer is consistent with the level reported by Egawa and 
Tagami (9), and may be due to cis–trans isomerization of UA under the effect of ultraviolet 

Figure 4. Total protein in tape 4 in summer and winter measured by BCA protein analysis.
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light in summer as reported by de Fine et al. (58). In contrast, our results on PCA and free 
amino acids are not consistent with those of Egawa and Tagami who reported that PCA 
and free amino acids were not higher in summer compared to other seasons on the fore-
arms and cheeks of Japanese subjects. However, subjects whose skin did not “feel dry” by 
self-assessment in both spring and autumn were found to have higher levels of NMF than 
those with skin that did “feel dry” (9). The difference may be due to the different body 
site tested, the different methodology (confocal Raman vs. analysis of tape strips) or to the 
fact that we selected subjects with at least moderately dry skin in the winter to partici-
pate in the present study.

Figure 5. NMF components normalized to protein measured by BCA. (A) PCA in strips 3 and 10, PCA was 
signifi cantly higher in summer in both strips ( p < 0.001), and the levels were not signifi cantly different 
between strips 3 and 10. (B) Amino acids from strip 10. Glycine ( p = 0.006), proline ( p = 0.037), serine 
( p = 0.017), and the sum of amino acids analyzed (sum NMF, p = 0.018) were signifi cantly higher in summer. 
Histidine ( p = 0.035) and t-UA ( p < 0.001) were signifi cantly higher in winter.
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STRUCTURAL PROTEINS

Figure 6 shows results for the key structural proteins keratin-1,10,11. These keratins 
are formed during terminal differentiation of keratinocytes to form the SC (59–61). 
Keratin-1,10,11 levels were signifi cantly higher in summer compared to winter. Involucrin 
(not shown) was not signifi cantly different between the seasons.

The increased level of structural proteins is consistent with improved barrier function in 
summer. A previous report that keratin 10 is lower in dry skin compared to normal skin 
(62) is consistent with our fi ndings of lower keratin-1,10,11 in winter.

CYTOKINES

Infl ammatory cytokines are elevated in irritated skin, and the ratio of IL-1ra:IL-1α is 
especially sensitive to irritation (18,19,22). Figure 7 shows that the ratio of IL-1ra:IL-1α 
was signifi cantly higher in winter compared to summer.

The reduced IL-1ra:IL-1α ratio is consistent with healthier and less infl amed skin in sum-
mer. It is interesting that erythema grades were not lower in summer even though IL-
1ra:IL-1α ratio was reduced, indicating some increased level of underlying infl ammation 
in dry skin that does not exhibit as increased redness. This may represent an example of 
what Kligman called invisible dermatoses (63).

SC LIPIDS

The multilamellar intracellular lipids of the SC are the main barrier to water loss to the 
environment allowing us to live in a terrestrial environment (64–67). SC lipid profi les 
have been found to be altered in dry skin (68), surfactant-damaged skin (2,68,69), and in 
patients with AD (70–74).

Ceramides are long-chain fatty acids amide linked to one of four sphingoid bases. Three 
types of fatty acids can also be involved in SC lipid profi les, nonhydroxy fatty acids [N], 
α-hydroxy fatty acids [A], and esterifi ed ω-hydroxy fatty acids [EO]. This leads to the 12 

Figure 6. Structural proteins, keratin-1,10,11 normalized to BCA protein analysis.
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classes of ceramides as shown in Table II (72,75,76). Ceramides, especially long-chain ce-
ramides such as those in the ceramide EOS class (formerly ceramide 1), have been found to 
be especially important for the proper formation of the SC barrier lipid structure (77,78).

Results of the lipid analysis sorted by largest difference between summer and winter are 
given in Table III. The ceramide nomenclature is given in Table II: C30_C18_2 is a ceramide 
EO with 30 carbon chain esterifi ed to a C18 fatty acid with two double bonds, N30_0_P18 

Figure 7. IL-1ra:IL-1α ratio. The ratio was signifi cantly higher in winter.

Table II
Fatty Acids and Sphingoid Bases That Can Combine to Produce 12 Possible Ceramide 

Classes: 11 Are Known in Skin.*

*Modifi ed from Reference (75) with permission of Allured publishing.
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is a saturated C30-NP ceramide with an 18 carbon α-hydroxy fatty acid, C22_0 is an 
unsaturated C22 fatty acid, C18_1 is a fatty acid with one double bond (oleic acid), etc.

We quantifi ed ceramides, cholesterol, cholesterol sulfate, and fatty acids in winter and 
summer in tapes 6 and 7 (pooled). Results of lipids log normalized for protein, sorted by 
ratio and % increase summer/winter sorted from highest % change to lowest are shown 
in Table III.

Figure 8 is a spider graph showing all of the lipid results as the percentage increase from 
winter to summer.

All lipids quantifi ed except stearic acid (C18_0) (+2%) and cholesterol sulfate (-6%) increased 
signifi cantly in summer. Among the ceramides, EOS and NP ceramides increased more than 
AH and AS ceramides, and the short-chain ceramide A16_0_S18 increased the least.

Our results are in agreement with those of Rogers et al. (15) and Conti et al. (16) who 
reported increase in ceramide 1 (EOS), fatty acids, and cholesterol in summer compared 
to winter.

Table III
Lipid Results Sorted by Summer:Winter Ratio

Ceramide Class Summer Winter
Ratio 

(Summer:Winter)

% Increase 
(Summer 

versus Winter)

C30_C18_2 Ceramide-EOS 2.08 0.95 2.19 119
N30_0_P18 Ceramide-NP 5.06 2.34 2.17 117
C32_C18_1 Ceramides-EOS 0.23 0.11 2.11 111
C18_2 Fatty acid 2.78 1.39 2.00 100
N28_0_P18 Ceramide-NP 9.11 4.57 1.99 99
C32_C18_2 Ceramide-EOS 1.11 0.56 1.99 99
C16_1 Fatty acids 4.16 2.13 1.95 95
N26_0_P18 Ceramide-NP 6.38 3.31 1.93 93
C24_0 Fatty acids 45.87 24.25 1.89 89
N24_0_P18 Ceramide-NP 6.59 3.56 1.85 85
Cholesterol Sterol 284.17 156.44 1.82 82
C30_C18_1 Ceramide-EOS 0.31 0.17 1.82 82
C18_1 Fatty acids 9.52 5.27 1.80 80
Ceramides Ceramides-all 43.37 24.16 1.79 79
P18 Sphingosine bases 1.56 0.88 1.78 78
A26_0_P18 Ceramide-AP 1.28 0.72 1.77 77
A24_0_P18 Ceramide-AP 0.93 0.52 1.77 77
C14_0 Fatty acids 6.07 3.44 1.76 76
C22_0 Fatty acids 12.94 7.45 1.74 74
N24_0_DS18 Ceramide-NDS 1.46 0.87 1.67 67
N26_0_DS18 Ceramide-NDS 2.90 1.85 1.57 57
Sphingoid bases Sphingosine bases 3.23 2.10 1.54 54
TOTAL FA Fatty Acids-All 153.89 104.98 1.47 47
A26_0_H18 Ceramide-AH 2.30 1.67 1.38 38
DS18 Sphingosine bases 0.39 0.29 1.36 36
S18 Sphingosine bases 1.19 0.90 1.32 32
C16_0 Fatty acids 34.84 26.56 1.31 31
A24_0_H18 Ceramide-AH 1.23 0.96 1.28 28
A16_0_S18 Ceramide-AS 1.50 1.31 1.14 14
C18_0 Fatty acids 29.62 29.07 1.02 2
Cholesterol-SO4 Sterol-sulfate 9.63 10.19 0.94 -6
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Figure 8. Spider graph of SC lipids, % increase in winter to summer.

Janssens et al. (72) reported that TEWL in AD patients is inversely proportional to the 
level of longer chain ceramides but increases with the presence of shorter chain ceramides, 
especially the AS ceramides. In this respect, it is interesting to compare the ratios of 
ceramides from the data given in Table III. Table IV shows the ceramides that Janssens 
et al. found to be correlated with reduced TEWL. Ceramides that were reported to be as-
sociated with increased TEWL are shown in Table V.

Table IV
Long Chain Ceramides

Ceramide Class Summer Winter Summer:Winter

C30_C18_1 Ceramide-EOS 0.31 0.17 1.82
C30_C18_2 Ceramide-EOS 2.08 0.95 2.19
C32_C18_1 Ceramides-EOS 0.23 0.11 2.09
C32_C18_2 Ceramide-EOS 1.11 0.56 1.98
N24_0_DS18 Ceramide-NDS 1.46 0.87 1.68
N24_0_P18 Ceramide-NP 6.59 3.56 1.85
N26_0_DS18 Ceramide-NDS 2.90 1.85 1.57
N26_0_P18 Ceramide-NP 6.38 3.31 1.93
N28_0_P18 Ceramide-NP 9.11 4.57 1.99
N30_0_P18 Ceramide-NP 5.06 2.34 2.16
Total Long chain 35.23 18.29 1.93
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Table V
Short-Chain Ceramides

Ceramide Class Summer Winter Summer:Winter

A16_0_S18 Ceramide-AS 1.50 1.31 1.15
A24_0_H18 Ceramide-AH 1.23 0.96 1.28
A24_0_P18 Ceramide-AP 0.93 0.52 1.79
A26_0_H18 Ceramide-AH 2.30 1.67 1.38
A26_0_P18 Ceramide-AP 1.28 0.72 1.78
Total Short chain 7.24 5.18 1.40

Ceramides that were reported to decrease TEWL showed a summer:winter ratio of 1.9 
while the summer:winter ratio of short-chain ceramides that were reported to decrease 
TEWL was 1.4. The long-chain:short-chain ratio of the ceramides studied was 4.9 in 
summer and 3.5 in winter. The increase in the ratio of ceramides reported to correlate 
with reduced TEWL to those reported to decrease TEWL is consistent with the signifi -
cantly reduced TEWL in summer reported in Figure 1B.

Cholesterol increased in summer while cholesterol sulfate declined slightly. The 
cholesterol:cholesterol sulfate ratio nearly doubled between winter and summer. This may 
also play a role in the improved barrier function and skin condition in summer. Cholesterol 
is an important component of the SC barrier while cholesterol sulfate can disrupt the barrier 
(79) and may contribute to skin scaling by inhibiting desmosome digestion (80).

CONCLUSIONS

Our results indicate that many factors may contribute to generally improved skin health 
in summer compared to winter. Some of the seasonal differences in this report may be 
more marked than some of those in other reports because we did select subjects with dry 
skin in the winter and then followed those same subjects in the summer. Thus, we picked 
subjects with some tendency to develop winter dry skin. However, these are the subjects 
most in need of cleansing and moisturizing products formulated to have optimal benefi cial 
effects on the skin, and this is a goal of much research and development in the cosmetic 
industry.

The signifi cantly better barrier function of the skin in summer (lower TEWL) may be the 
result of improved levels and ratios of SC lipids. The higher level of keratin-1,10,11 may 
also contribute to a better summer barrier. Engelke et al. did not fi nd a correlation be-
tween TEWL and dry skin in their study even though K10 was lower in dry skin. Perhaps 
this is because all of their measurements were carried out in winter (62).

Improved skin hydration results at least in part from higher levels of PCA and NMF free 
amino acids and perhaps from higher water content due to the improved barrier to water 
loss. Lactate, which was not measured, has also been found to increase in the summer 
(9,14) and may contribute to higher SC hydration in summer as well.

The lower IL-1ra:IL-1α ratio, an indicator of skin infl ammation, in the summer indicates 
that winter dry skin may be slightly infl amed.
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